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AC–DC system interaction 257
AC versus DC 18
Active filters 281
Active power 2, 251, 301
Average direct voltage 66, 247

Back-to-back interconnections 240, 321
Bipolar link 226, 237
Break-even distance 14
Bridge converter 58
Bypassing of bridges 233

Cables 236, 297
Capacitor balancing 153, 159, 179, 199, 202, 299
Capacitor clamping, see Multilevel conversion,

flying capacitor
Cascaded H-bridge 158, 165, 193, 339
CCC (Capacitor commutated converter) 276, 284
CEA control, see Constant extinction angle
Clamp control 170
Commutating voltage 62
Commutation 62

see also Overlap angle
Commutation angle 62
Commutation failure 232, 250
Commutation reactance 62, 67, 247
Complementary resonance 265
Composite resonance 265
Constant current control 247, 255
Constant current transmission 242
Constant extinction angle 245, 255
Control

characteristics 245, 247, 250
constant current, see Constant current control

direct 299
equidistant firing 254
frequency 252, 300
power 251, 301
reactive power 301, 337, 352
tap changer, see On-load tap-changer
vector 299
voltage 301
VSC 299

Converter
back to back 240, 277
disturbances 232
mercury valve 8
multi-pulse 74
six-pulse 57
twelve-pulse 75

Cross-modulation 93, 262
CSC (Current Source Conversion) 6, 12, 58,

97, 106, 114, 121, 124, 141, 221, 225, 327,
341

Current margin 247
Current setting 247

DC capacitor 100, 102
DC line fault 267
DC link

bipolar 240
control 242, 303
monopolar, see Monopolar link

DC reactor 231
DC transmission advantages 9, 14
Delay angle 58, 246
Deregulation 16
DFIG (Doubly fed induction generator) 12, 282
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360 INDEX

Diode clamping 145, 149
see also Multilevel conversion

Diodes 51, 105, 106
Direct voltage, see Average direct voltage
Displacement factor 69
Distributed generation (DG) 16
Dynamic compensation 258

Earth electrodes 238
Earth return 239
Electricity deregulation 16
Electrode, earth 238
Electromagnetic interference (EMI) 113
EMTDC 187, 216, 279, 284, 317, 332, 341, 345
Environmental influence 5, 306
Equivalent disturbing current 92
ETO (Emitter turn-off thyristor) 45, 53
Extinction angle 67, 245, 249, 277

FACTS 13, 18, 21
Fibre optics 245
Filters

AC side 90, 231, 257, 286, 297
active 281
continuously tuned 280
damped 287
DC side 92, 231, 297
effect of network impedance 91
high-pass, see Filters, damped
quality of 91, 231
radio frequency interference (RFI) 2
reactive power of 90
sharpness of tuning 91
tuned 91, 280

Firethrough 232
Firing angle, see Delay angle
Firing-shift control 352
Flexible power 5, 13
Forced commutation, see Self-commutation
Frequency control 252, 300
Frequency interactions 262

Gate turn-off, see GTO
GCT, see IGCT
GTO 36, 53, 210

H-Bridge, see Cascaded H-bridge
Harmonic cross-modulation 262
Harmonic distortion 84, 152
Harmonic filters 90

see also Filters
Harmonic impedance 91
Harmonic instability 94, 257

Harmonic penetration 111
Harmonics 71, 75, 109, 128, 144, 162

AC side 73, 303
characteristic 71

at no overlap 73, 75
at overlap 72, 75

DC side 72
even 84, 93, 128
magnification of 89
resonance 265
sequence components 84, 94
triplen 84, 93
uncharacteristic 81, 89

HVDC Light 304, 306
three level 312
two level 308

IEGT (Injection enhanced transistor) 53
IGBT 11, 47, 49, 53, 98, 103, 121, 306

converter 306, 312
station layout 296
valve 306

IGCT 41, 53, 98, 121, 210
Instability, see Harmonic instability; Power

instability
Insulated gate bipolar transistor, see IGBT
Interaction, see AC–DC system interaction
Interharmonics 81
Inversion 67

LCC (Line Commutated Conversion) 6, 57, 114,
224, 225, 275

Level number 142
Light triggered thyristor 32
Lightning surges 232
Low voltage current limit (LVCL) 251

Margin angle, see Extinction angle
MCT (MOS controlled thyristor) 44, 53
Mercury-arc valve 8
Misfire 232
MLCR, see Multilevel reinjection
MLVR, see Multilevel reinjection
Monopolar link 241
MOSFET 25, 43, 44, 47
MTO (MOS turn-off thyristor) 42, 53
Multibridge conversion 74, 111, 137
Multigroup converters 233
Multilevel conversion 141, 161

cascaded H-bridge 142, 158
diode clamping 142, 164, 327
flying capacitor 142, 155, 164, 327
neutral point clamping 142
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Multilevel CSC 142, 341
Multilevel reinjection 170

MLCR 210, 221, 327
MLVR 170, 187, 193, 221, 327

Multilevel VSC 142, 327
Multiterminal DC 12, 240

series connection 227
subtransmission 323

Off-shore conversion 283
OLTC, see On-load tap-changer
On-load tap-changer 101, 242, 247, 249, 297,

301
Overhead lines 235
Overlap angle, see Commutation angle
Overvoltages 258

Phase-locked oscillator 253
PLL (Phase locked loop) 300, 302, 308
Pn rectifier 22
Power control 251
Power diode 24, 51
Power electronics control 5
Power factor 2, 69, 334, 337

see also Displacement factor
Power/frequency control 252
Power instability 129, 257
Power losses 112, 125
Power modulation 249, 252, 261, 305
Power reversal 249
Power transfer 1, 3, 292
PSCAD, see EMTDC
Pulse number 71
Pulse width modulation 29, 53, 127, 141, 161,

293, 299, 307
PWM, see Pulse width modulation

Q, see Filters, quality of

Radio interference 226, 236, 297
Reactive power 2, 69, 301, 337
Reactive power compensators 259
Real power, see Active power
Rectifier 64

see also Converter
Reinjection 77, 116, 121
Reliability 267
Resonance

complementary 265
composite 265

Reversal of power, see Power reversal

SCR, see Silicon Controlled Rectifier; Short circuit
ratio

Sea return, see Earth return
Self-commutating thyristor conversion 213
Self-commutation 36, 97, 141, 170, 213
Short circuit ratio 11, 257
SiC (Silicon carbide) 55
Silicon controlled rectifier 10, 21, 53

see also Thyristor
Smoothing reactor, see DC reactor
Snubbers 30, 39, 113, 148
Soft switching 29, 170
Stability, of AC transmission 259
STATCOM 100, 150, 204, 259, 282, 328,

337
Static power conversion 6
Sub-synchronous resonance 260
Surge arrester 235
Switching losses 29
Synchronous compensator 257–8

Tap changer control 248
Telecommunications 244
Telephone influence factor 90
Telephone interference 92
Thyristor 31

electrically triggered 32
light triggered 32
module (or level) 228
station layout 227
valve 227

Transformer 230, 297
leakage 231
phase-shift 74
saturation effects 94, 256

Transformer connections for increased pulse
number 74

Transient stability 261
Transistor 25, 47, 53
Triple harmonics 84, 93
Tripole DC transmission 287

Unbalanced AC voltage 84
Uncharacteristic harmonics 81
Unit connection 311

Valve, see Thyristor
Voltage controlled oscillator, see Phase-locked

oscillator
Voltage dependent current order limit (VDCOL)

251
Voltage interaction 257
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Voltage regulation 258
VSC (Voltage source conversion) 6, 11, 56, 98,

106, 114, 116, 127, 138, 142, 170, 291, 328
VSC control 304

Weak AC systems 295, 312

Wind power 282
farms 310, 322

ZCS (Zero current switching) 29, 170, 328
ZVS (Zero voltage switching) 29, 170, 328


